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Doublet IR Assets

o Deunletstcan provide ellipticalilseams atthe I[P such that
V[5x* By = [Bo? (round beams). Luminoesity. can then be
enhanced via a smaller cressing anglenn ther plane of IErger

® Eorsymmetrc doublet iecusingdsx(imax) =[y(max) < [50(max)
off trplets & reund heams at the |P.

*E\Withrhali-cressing anglein a single: plane; and short hURChES,
IUMINGSILY. IS reduced appreximately by a factor:
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Doublet IR (cont’d)

® Eor Noiseparation at the'dstiparasitic' crossing:

S Withrhenzental cressingl (1RP5) and elliptical heabrs > [5o7
N Bx < 00 fer the same! 5 Separation;, and the IUmIReSILy,
ieduction Is net as lange:
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Doublets (still cont’d)

® Results for 16 separation at-d'st PGz (eguivalent) = 0.25m,
andes = 0.0755m:

RoOURA beams; Witlser= 0.25mE Go'= 224 irad, then:
R o= 0.522.

Elliptical beams; with/Bx* By* = 0.25m| &Bx* =0.469m
N By =164 [@ad, anadk
Re=0.779

*F Luminesityiisienhanced usingrelliptical beams=30%
compared terthe round beamiresort the luminesity RIvis
only abou 22% instead ofi 46%).

11 [Bx* = 0.469m is used in subsequent discussions]
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Design Considerations

*I\Withrelliptical beams the doublets must e optically symmetric

Withi respect to the 1P to ensusdimeax) =By(nax). and thereby.
CONSENne aperiure.

Symmetnic deublets imply:that dipoelesHirst IS thie only option
N the heams must e sepanaie ChanNels e EXPErence
equivalent iocusing.

S Tiransition firemi the symmetre final fTocus eplics Lol the oplics 6
ani intrinsically anti-symmetic lattice should be seamiless.
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Symmetric Optics @ IP1 & IP5

(preliminary & still.under construction)
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Lmag (m)

Collision Optics @ 7 TeV
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92.4

-107.8

S VBx By =0.25m
[Bx = 0.469m| &sy = 0.133m
o [Bx(max) =By(max) = 24.5 km

VAR = 085 m :IP5

b

400 G000
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® 100 herizontal separation at*1st
parasitic fordi/2 =164 r




Injection Optics @ 7 TeV

Gradient (T/m) - \/BX By =14.01m
LS RS Bx = 27.25m &y = 7.19 m
[Bx(Imax) =[By(Imax) = 465 m

VB By = 140 m :IPS

ke b

P IR R
400 600
Path Length (m)
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parasitic forbi/2 =21.5 jur
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x10 @ IP5

[AVx + Avy 1

Reduction Factor

Crossing-Angle

Elliptical Beam

BB Tune Shift Variation with Crossing Angle Rotation

Tilt Angle wrt Horizontal Plane

i ty Reduction with Crossing Angle Rotation

20 0 [4] [
Tilt Angle wrt Horizontal Plane
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Long Range Tune Shifts

o Unlikertiplets & reund beams,

ellipucaliiong range: heam-hbeam
ne shifts de not cancel.

Rotating the cressing angle plane
[educes thetune: shiits, ut,
conmpleier cancellatien, Wiich
ECCUrS fer atiten =450, |eaves
Zerno lUminesity BERELS, .65
Re(0=450)=Ror = 0,522
IAcreasing| sepanatien heyoend the
nominal 1@y helps until reaching
the luminesity: break-even poeint:
Re(18.759) = Ro (100) = 0.522
TThe BB tune shift Is reduced by a
factor of 3.35 t0 0.0140 [ still
much larger than for round beams.
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Tune Shifts (cont’d)

BT n—— . [URE foelprnRls extending to
o 60 have been calculated for
eund & elliptical beams
aSSUMING| 12 parasitics per
IR.

e elliptical heamyieotpint
ISTSIgnificantly/ Iarger thian
e oot that of round lheams:.

Ver. tune shift/g

Couresy ol Sen; 10.02:05

1F Long range tune shifts are aiconcern that needs te:be addres:
Avenues terexplore might include a DO trim to separate beams
earlier, or re-examine wire compensation Schemes, or
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Summary & Future Studies

o Eor the dipoele first” upgrade: oplion;, symmetic doublet
fiGCUSING has the attractive: petential terenhance Iuminesity via
colliding elliptical heams at thelP:

Recentiy/ it was realized that the'long-range: heam:-heam; tiune
Shiiius are: consideranly larger fier elliptical beams than fier reun
PEAMS and are: a2 CoRCERier the deuklet appreach:

fhe highest prenty fer near-term: studies must be e evaluate
the Importance of the lange tune shifts anadl explore means to
mitigate them. At that peint It then becomes sensible te refine
details of tiie doublet IR optics design.
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